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Thermal and Transport Behavior of Single Crystalline R2CoGa8
(R = Gd, Tb, Dy, Ho, Er, Tm, Lu and Y) Compounds
Devang A. Joshi, A. K. Nigam, S. K. Dhar and A. Thamizhavel
Department of Condensed Matter Physis and Material Sienes,
Tata Institute of Fundamental Researh, Homi Bhabha Road, Colaba, Mumbai 400 005, India.
The anisotropy in eletrial transport and thermal behavior of single rystalline R2CoGa8 series of
ompounds is presented. These ompounds rystallize in a tetragonal struture with spae gropup
P4/mmm. The nonmagneti ounterparts of the series namely Y2CoGa8 and Lu2CoGa8show a
behavior onsistent with the low density of states at the fermi level. In Y2CoGa8, a possibility of
harge density wave transition is observed at ≈ 30 K. Gd2CoGa8 and Er2CoGa8 show a presene
of short range orrelation above the magneti ordering temperature of the ompound. In ase of
Gd2CoGa8, the magnetoresistane exhibits a signiant anisotropy for urrent parallel to [100℄ and
[001℄ diretions. Compounds with other magneti rare earths (R = Tb, Dy, Ho and Tm) show the
normal expeted magneti behavior whereas Dy2CoGa8 exhibits the possibility of harge density
wave (CDW) transition at approximately same temperature as that of Y2CoGa8. The thermal
property of these ompounds is analysed on the basis of rystalline eletri eld (CEF) alulations.
PACS numbers: 71.20.Eh, 71.70.Ch, 72.15.Eb, 73.43.Qt, 74.25.Ha and 75.50.Ee
Keywords: Antiferromagnetism, Shottky, CEF, CDW, Magnetoresistane
I. INTRODUCTION
Reently we reported the magneti properties of sin-
gle rystalline R2CoGa8 series of ompounds, inferred
from the thermal and eld dependene of magnetization
(author?) [1℄. These ompounds form only with the
heavy rare earths (R = Gd to Lu), in ontrast to the
iso-strutural indides R2CoIn8(author?) [2℄ where the
phase forms for all the rare earths exept for La, Yb
and Lu. Y2CoGa8 and Lu2CoGa8 show diamagneti be-
havior pointing out a relatively low density of states at
the Fermi level. R2CoGa8 with magneti rare earths or-
der antiferromagnetially at low temperatures with the
highest Ne`el temperature TN = 28 K in Tb2CoGa8.
The magneti ordering temperatures are less ompared
to their orresponding indides. The easy axis of mag-
netization for Tb2CoGa8, Dy2CoGa8 and Ho2CoGa8
was found to be along the [001℄ diretion whereas for
Er2CoGa8 and Tm2CoGa8 the easy axis hanges to the
basal plane namely (100). Gd2CoGa8 having the S-state
ion Gd
3+
was found to show isotropi magneti behav-
ior. A point harge model alulation of the rystal
eletri eld (CEF) eets gave a qualitative explana-
tion of the magnetorystalline anisotropy in this series
of ompounds and the appreiable deviation of the or-
dering temperatures in Tb2CoGa8 and Dy2CoGa8 from
that expeted on the basis of de-Gennes saling. The aim
of the present paper is to investigate in detail the heat
apaity and eletrial transport properties of R2CoGa8
ompounds to get more information about the rystal
eletri eld eets, Shottky ontribution to the heat
apaity, entropy assoiated with the magneti ordering,
et. The magnetoresistivity was also studied keeping in
mind the anomalously high magnetoresistane (∼2700 %
at 2 K) of Tb2CoIn8(author?) [2℄.
II. EXPERIMENTAL
Single rystals of R2CoGa8 ompounds were grown us-
ing Ga ux as desribed elsewhere(author?) [1℄. An
energy dispersive X-ray analysis (EDAX) was performed
on all the obtained single rystals to estimate the atual
rystal omposition. The EDAX results onrmed the
rystals to be of the stoihiometri omposition 2:1:8. To
hek for the phase purity, powder x-ray diration pat-
tern of all the ompounds were reorded by powdering a
few small piees of single rystal followed by the Rietveld
analysis of the obtained pattern. For the anisotropi
transport measurements, the single rystals were oriented
along the priniple diretions viz., [100℄ and [001℄ by Laue
bak reetion method. The rystals were ut to the
required size for resistivity and heat apaity measure-
ments using a spark erosion wire utting mahine. The
heat apaity, resistivity and magnetoresistane measure-
ments were performed using physial property measure-
ment system (PPMS - Quantum Design). The AC sus-
eptibility of Gd2CoGa8 and Tb2CoGa8 was also mea-
sured in MPMS - Qunatum Design.
2III. RESULTS AND DISCUSSION
A. Y2CoGa8 and Lu2CoGa8
We rst present the data on Y2CoGa8 and Lu2CoGa8,
whih are the nonmagneti analogs of the R2CoGa8 om-
pounds, Co being non-magneti in this family of om-
pounds. As mentioned above Y2CoGa8 and Lu2CoGa8
show diamagneti behavior, in ontrast to the indide
Y2CoIn8(author?) [2℄, whih is Pauli-paramagneti.
The diamagneti ontribution arises from the lled
eletroni shells, whih dominate a modest Pauli-
paramagneti ontribution arising from a low density of
the ondution eletron states at the Fermi level N(EF ).
The evidene for low N(EF ) omes from the low tem-
perature (1.8 to 10 K) heat apaity data whih fur-
nish γ values of 2 and 4 mJ/mole K2 for Y2CoGa8 and
Lu2CoGa8 respetively (Fig. 1a inset). These values are
low in omparison to the orresponding indide Y2CoIn8
(12 mJ/mole-K
2
). An estimate of the density of states at
the Fermi level is obtained using the free eletron relation
γ =
2
3
pi2 k2B N(EF ) (1)
where kB is the Boltzmann onstant. Substituting
the value of γ = 2 mJ/mole-K2, the density of states
in Y2CoGa8, for example, is found to be 1.6 x 10
35
erg
−1
mole
−1
or 5.8 Ry
−1
atom
−1
. This value, for ex-
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Figure 1: (a) Heat apaity urve of Lu2CoGa8 and Y2CoGa8
with a t desribed in text. The inset shows the C/T vs T
2
plot. (b) Resistivity of Y2CoGa8 with the urrent parallel to
[100℄ and [001℄ diretions.
ample, is omparable to that obtained in the diamag-
neti ompound YPd3(author?) [3℄ from band stru-
ture alulations. In the free eletron approximation γ
and the Pauli suseptibility χ0 are related by the rela-
tion: γ(mJ/moleK2) = 1.3715 × 10−5χ0(emu/mole).
For Y2CoGa8 and Lu2CoGa8 the gamma values furnish
χ0 less than 10
−4
emu/mol. On the other hand using
the relation for diamagneti ontribution χDia ≈ −10
−6
Z, where Z is the atomi number, we infer χDia values
of −3.5× 10−4 and −4.2× 10−4 emu/mole for Y and Lu
ompounds, respetively, whih in absolute magnitude
are higher than χ0. Replaing indium fully by gallium
results in the appearene of diamagnetism. Sine the va-
leny of both In and Ga is same (both of them have one
extra p eletron), it is possible that shrinking of the unit
ell in gallides results in shifting of the Fermi level to a
region of low density of states.
From the slope of C/T vs T 2 plots (inset Fig. 1a) we
infer the lattie heat apaity oeient β as 0.501 and
0.782 mJ/moleK4 in Y2CoGa8 and Lu2CoGa8, respe-
tively. Using the relation of the Debye model Θ3D =
1943600/β, where β is in the units of mJ/g atomK4 and
ΘD is the Debye temperature, we obtain ΘD = 349 and
301 K in Y2CoGa8 and Lu2CoGa8, respetively. Based
on the Debye approximation(author?) [6℄,
ΘD(Y2CoGa8)
ΘD(Lu2CoGa8)
=
√
MW (Lu2CoGa8)
MW (Y2CoGa8)
(2)
the ratio of the Debye temperatures is 1.16 in fair agree-
ment with the r.h.s value of 1.4.
The main panel of Fig. 1 shows the heat apaity of
Lu2CoGa8and Y2CoGa8 from 1.8 to 160 K. The heat
apaity urve for Y2CoGa8was tted to the equation
CTot = γT + CPh (3)
where the two terms represents the eletroni and
phononi ontributions, respetively. CPh an be writ-
ten in terms of Debye integral as
CPh = 9NR
(
T
ΘD
)3 ΘD/T
0
x4exdx
(ex − 1)
2
(4)
where x= ΘD/T , N is the number of atoms in the for-
mula unit and ΘD is the Debye temperature. Here γ was
xed to the values derived above and N = 11. The best
t shown by solid line in Fig. 1 is obtained with ΘD =
291 K. This value of ΘD is lower than that derived above,
whih may be due to the variation of ΘDwith tempera-
ture. Around ≈ 30 K the t for Y2CoGa8 is relatively
poor for whih a possible reason is mentioned below.
Fig. 1(b) shows the resistivity urves for the Y2CoGa8
ompound with urrent (J) parallel to the rystallo-
graphi diretions [100℄ and [001℄, respetively. Along
3both the diretions the temperature dependent resis-
tivity demonstrates a metalli behavior, the resistiv-
ity dereases linearly at high temperatures followed by
a nearly temperature independent behavior below 15
K. The observed behavior is in tune with the phonon-
indued sattering of the harge arriers expeted in a
non-magneti ompound. There ours a hump between
20 and 35 K whih is more prominent along [001℄ di-
retion. A similar hump was also found in polyrys-
talline Y2CoIn8(author?) [2℄. Suh a hump in the
resistivity of a nonmagneti ompound is rarely seen
and may arise due to a harge density wave indued
formation of an anisotropi energy gap in the Fermi
surfae. Similar behavior is also seen in ase of 2H-
NbSe2, Nb3Te4, 2H-TaSe2, NbSe3, ZrTe3, LaAgSb2,
et(author?) [4, 5, 7, 8, 9℄. The absene of hystere-
sis in resistivity indiates a seond order nature of the
proposed harge density wave transition. The prominent
eet along the [001℄ may be due to a larger gap along
this diretion. The deviation of the t based on the De-
bye formula to the heat apaity around 30 K (Fig. 1(a))
may also be due to the same eet. The resistivity along
[001℄ diretion is found to be lower ompared to the in-
plane [100℄ resistivity. The similar anisotropi behavior
in the resistivity was found for all the ompounds de-
sribed below and may arise due to the inherent stru-
tural anisotropy of the ompound. The residual resis-
tivity along [100℄ and [001℄ diretions is 42 µΩcm and
54 µΩcm respetively. Overall, the resistivity values are
higher ompared to orresponding polyrystalline indide
Y2CoIn8(author?) [2℄. It may be due to the low density
of states at the Fermi level in Y2CoGa8. A similar obser-
vation on Lu2CoGa8 would have strengthened our on-
juture but single rystals of Lu2CoGa8 were too small
for resistivity measurements.
B. Gd2CoGa8
The results on Gd2CoGa8 are presented next as Gd is
an S -state ion and the CEF eets are negligible in the
rst order approximation. Fig. 2(a) shows the tempera-
ture dependene of resistivity for Gd2CoGa8 with urrent
parallel to [100℄ and [001℄diretions, respetively. The in-
set shows the expanded low temperature part below 37
K. The resistivity shows a metalli behavior with temper-
ature down to 35 K. Similar to Y2CoGa8 the resistivity
with urrent along [100℄ diretion is higher than along
[001℄. Below 35 K the resistivity with urrent parallel to
[100℄ levels o followed by a minor kink at TN = 20 K and
then it drops almost linearly down to 2 K. The upward
kink at TN an be attributed to a small gap introdued
in the Fermi surfae due to the magneti super-zone ef-
fet(author?) [11℄. The resistivity with urrent along
[001℄ diretion shows an apparently anomalous behavior.
It inreases below 35 K in the paramagneti region well
above the ordering temperature followed by a sharp in-
rease at TN and then dereases at low temperatures.
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Figure 2: (a) Resistivity of Gd2CoGa8 with urrent parallel to
[100℄ and [001℄ diretion. The inset shows the expanded low
temperature part. (b) AC suseptibility for the same with
AC eld parallel to [100℄ and [001℄ diretions.
The derease is not as sharp as expeted from the loss
in spin disorder resistivity but tends to fall slowly. The
sharp rise at TN is due to the dominant super-zone gap
eet along [001℄. The rise in resistivity in the param-
agneti state as the temperature approahes TN , is most
likely due to the short range antiferromagneti orrela-
tions (author?) [12, 13℄. It has been shown theoretially
that the temperature derivative of resistivity has a neg-
ative divergene as TN is approahed from the param-
agneti regime due to the large angle sattering and the
divergene in the spin-spin orrelation funtion at Ne`el
temperature (author?) [12℄ and in reality it is the life
time of the anomalous utuation is masked by the en-
ergy transfer from the ondution eletrons resulting in
the inrease in the resistivity of the ompound. Some
antiferromagneti ompounds are known to show similar
behavior; for example: Tb (author?) [14℄, (RPd3)8Al
(R = Tb and Gd) (author?) [15℄, UNiAl (author?)
[16℄. When a magneti eld of 30 kOe is applied along
the [100℄ diretion, the upturn in the resistivity in the
paramagneti state between ≈ 30 K and TN is partially
suppressed as shown in the inset of Fig. 2(a). The sup-
pression of the upturn in resistivity with eld supports
the short range antiferromagneti orrelation in the om-
pound along the [001℄ axis. Above 30 K, the rossover in
the H = 0 and 30 kOe plots is likely due to the positive
ylotron ontribution of the harge arriers to magneto-
resistane.
The anisotropi behavior of resistivity in the neighbor-
4hood of TN in ontrast to the orresponding isotropi
behavior of DCmagnetization (5 kOe)(author?) [1℄ mo-
tivated us to investigate Gd2CoGa8 with AC suseptibil-
ity. The data are shown in Fig.2(b), with the ACeld ap-
plied along the two rystallographi diretions. q´ along
[100℄ inreases in the paramagneti state followed by a
peak at TN and then dereases as expeted for a simple
antiferromagnet. On the other hand, along [001℄ dire-
tion q´ does not derease below TN and shows a slight
upturn at low temperatures, indiating the presene of
ompliated magneti struture with anisotropy. The in-
teration of the harge arriers with anisotropi magneti
onguration is responsible for the observed behavior of
resistivity around TN .
The transverse magnetoresistane (MR), dened as
MR = [R(H)-R(0)℄/R(0), of the ompound at 2 K with
urrent applied along the two prinipal rystallographi
diretions shows signiant anisotropy (Fig. 3(a)). With
urrent along [100℄ the MR inreases almost linearly with
eld up to approximately 12 % at 90 kOe, where as along
[001℄ diretion it varies more strongly inreasing nonlin-
early up to 57 % at 90 kOe. The ontribution to the
total MR due to spin-orbit oupling will be negligible
for Gd
3+
ions. The ylotron ontribution will also not
give rise to suh a large MR. Field indued metamagneti
transitions an give rise to a large MR, but Gd2CoGa8
does not show any metamagneti behavior at 2 K and
further the magneti isotherms at 2 K along both the
diretions nearly oinide with eah other (author?) [1℄
thereby pointing out that the magnetoresistivity behav-
ior in Gd2CoGa8 is primarily inuened by other fa-
tors. Further with both urrent and eld onstrained to
ab plane (J // [100℄ and H // [010℄) but transverse to
eah other, the magnetoresistane inreases to 5 % at 90
kOe. Hene the diretion of the eld does not play a
major role for anomalously high magnetoresistane with
urrent parallel to [001℄ and only the diretion of the
urrent matters. We suggest that the anisotropy in MR
arises due to the anisotropy of the Fermi surfae. The
heat apaity behavior of Gd2CoGa8 is shown in Fig.
3(b). It undergoes a lambda type seond order magneti
transition at TN = 20 K onsistent with the magneti
suseptibility and resistivity data. The magneti ontri-
bution to the heat apaity was isolated using the data for
Lu2CoGa8, assuming it as a measure of phonon ontribu-
tion, taking into aount the mass dierene between Gd
and Lu. The magneti entropy alulated as a funtion
of temperature is shown in the inset of Fig. 3(b).The en-
tropy at TN is 13 J/mole K and it attains the theoretial
value of Rln8 (17.3 J/mole K) at about 60 K. It nearly
saturates above 60 K. This indiates the presene of short
range antiferromagneti orrelations above TN and pro-
vides further support to our explanation of the upturn
in the resistivity in the paramagneti state as mentioned
above.
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Figure 3: (a)Mangetoresistane of Gd2CoGa8 with urrent
parallel to [100℄ and [001℄ diretions. (b) Heat apaity of
Gd2CoGa8 with inset showing the alulated magneti en-
tropy.
C. Tb2CoGa8, Dy2CoGa8 and Ho2CoGa8
We now desribe our results for ompounds in whih
CEF eets are operative. In ref.1(author?) [1℄, it was
found that for ompounds with Tb, Dy and Ho, the easy
axis of magnetization is along [001℄. The resistivity of
Tb2CoGa8 with urrent parallel to [100℄ and [001℄ dire-
tions, respetively, is shown in Fig. 4(a). The resistivity
along both the diretions initially dereases linearly with
temperature down to ≈ 130 K followed by a relatively
faster drop at lower temperatures, whih we attribute
to the CEF eet. The thermally indued variation of
the frational Boltzmann oupation of the CEF levels
hanges the otherwise onstant spin disorder resistivity.
Overall, the dereases in the resistivity between 1.8 and
300 K is more prominent for J // [100℄ (≈ 200 µΩ m)
than for J // [001℄ (≈ 30 µΩ m), indiating a signiant
anisotropy in the transport property of the ompound.
A hange in the slope at TN for J // [001℄ (see, inset) o-
urs due to the loss of spin disorder resistivity. There is
no disernible anomaly at TN for J // [100℄ but a hange
in slope exists below 15 K. To investigate a possible ori-
gin of this feature, the AC suseptibility was measured
with AC eld along [100℄ and [001℄ diretions as shown
in Fig. 4(b). It dereases monotonially below TN along
[001℄ but along the [100℄ diretion it inreases below 15
K followed by a peak at ≈ 6 K. The hange in the slope
of resistivity at 15 K thus appear to be orrelated to the
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Figure 4: (a) Resistivity of Tb2CoGa8 with urrent parallel
to [100℄ and [001℄ diretions, respetively. (a) AC susepti-
bility of Tb2CoGa8 with AC eld parallel to [100℄ and [001℄
diretions, respetively.
behavior of the AC suseptibility below 15 K. It is possi-
ble that beause of some ompliated magneti struture
there is a omponent along the ab -plane whose variation
with temperature aets the variation of resistivity. The
magnetoresistane of the ompound with urrent paral-
lel to [100℄ and [001℄ diretions, respetively, is shown in
Fig. 5(a). The positive magnetoresistane along both
the rystallographi diretions is onsistent with the an-
tiferromagneti behavior of the ompound. Magnetore-
sistane at 2 K with H // [100℄ and J // [001℄ inreases
almost linearly by 17 % with applied eld inreased to
90 kOe. On the other hand the magnetoresistane shows
a omplex behavior for H // [001℄. At 2 K for J // [100℄,
MR initially inreases linearly with eld. There is a rapid
inrease in a narrow interval near H ∼ 35 kOe followed
by a distint hange in the variation near 82 kOe. The
magnetoresistane at 90 kOe is ≈ 77 %, whih though ap-
preiable is far less than that of the orresponding indide
Tb2CoIn8(∼ 2700 % at 2 K). The anomalies at 42 and
82 kOe are onsistent with the metamagneti transitions
observed in the magneti isotherm of the ompound at
2 K along the easy axis as reported in ref.1(author?)
[1℄. At 5 K, the magnetoresistane dereases but quali-
tatively the behavior is similar to that at 2 K. Inreas-
ing the temperature to 10 K, the rst anomaly in MR
is slightly shifted up in eld whereas above 80 kOe the
magnetoresistane dereases with eld. The latter is due
to the redution in the sattering of the ondution ele-
trons by the ferromagnetially aligned Tb
3+
ions at high
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Figure 5: (a) Magnetoresistane for Tb2CoGa8 with urrent
and eld in the indiated diretion. (b) Heat Capaity for the
same with and without eld.
elds where the ompound enters the eld indued ferro-
magneti state. Here the eld-indued polarized state is
ahieved by the ombined ation of eld and temperature
(∼ 80 kOe and 10 K, respetively). Higher elds are re-
quired to indue the ferromagneti state at lower temper-
atures. The heat apaity of the Tb2CoGa8 (Fig. 5(b))
in zero eld is dominated by a lambda type anomaly at
the Ne´el temperature (TN= 27.5 K). In an applied eld
of 100 kOe the anomaly disappears; a broad hump and a
kink appear at lower temperatures, reeting an overall
weakning of the antiferromagneti onguration in ap-
plied elds and eld indued metamagneti transition in
the ompound.
The 4f ontribution to the heat apaity, C4f , de-
termined using the same proedure as mentioned for
Gd2CoGa8, and the entropy S4f is shown in Fig. (6). In
addition we have also plotted the Shottky spei heat
CSch and the orresponding entropy SSch alulated from
the following expressions
CSch =
∂
∂T
[
1
Z
∑
n
Enexp
(
−
En
kBT
)]
(5)
S4f, Sch =
T

0
C4f, Sch
T
dT (6)
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Figure 6: The 4f ontribution C4f to the heat apaity of
Tb2CoGa8with Shottky ontribution CSch estimated from
CEF split energy levels. The orresponding entropies es-
timated from 4f ontribution and CEF split levels are also
shown.
where, Z is the partition funtion, En are the CEF split
energy levels derived from the CEF tting of the inverse
magneti suseptibility in ref.1(author?) [1℄. It is ev-
ident from the gure that there is a reasonably good
agreement between C4f and CSch in the paramagneti
regime. This supports the validity of the CEF level
sheme for Tb2CoGa8 as derived from the magnetization
data. The entropy obtained from the magneti ontri-
bution to the heat apaity is 18.9 J/mole K at 150 K.
The theoretially expeted value of R ln (2J + 1)(21.32
J/mole K) will be ahieved at higher temperatures when
all the CEF levels are thermally populated.
The temperature dependene of eletrial resistivity
from 1.8 to 300 K for Dy2CoGa8 is shown in Fig. 7(a).
The high temperature part of the eletrial resistivity of
Dy2CoGa8 is qualitatively similar to that of Tb2CoGa8
along the two rystallographi diretions, whereas the low
temperature resistivity shows a dierent behavior. The
resistivity for J // [100℄ dereases monotonially below 50
K and does not show any anomalies and beomes nearly
temperature independent below 20 K. Along [001℄ the
resistivity shows peaks at ≈ 29 and 6 K, the former in
the paramagneti state and the latter below TN . The
inrease in the resistivity below TN (17 K) is due to the
super-zone gap eets, and it is also onsistent with the
magnetization results whih show that the moments or-
der along the [001℄ diretion. In order to look for possi-
ble origin of the paramagneti peak at 29 K, we measured
the AC suseptibility with eld along [001℄ diretion (not
shown). However, no anomaly was found in AC susepti-
bility; neither do we observe any anomaly at 29 K in the
heat apaity (may be overridden by the magneti ontri-
bution) (Fig. 8(a)). The sharp drop in resistivity below
≈ 29 K (Fig. 7(a) inset) with dereasing temperature
rules out the possibility of spin utuation. The ≈ 29 K
peak in Dy2CoGa8 exists nearly at the same temperature
as in Y2CoGa8. Hene it may also be due to a harge den-
sity wave indued gap in the Fermi surfae as speulated
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Figure 7: (a)Resistivity of Dy2CoGa8 with urrent along the
two rystallographi diretions, respetively; the inset shows a
magnied view below 50 K; (b)Magnetoresistane at seleted
temperatures for onguration as mentioned in the gure.
for Y2CoGa8. However, this needs further investigation.
The magnetoresistane at 2 K with J // [001℄ and H //
[100℄ as depited in Fig. 7(b) is similar to Tb2CoGa8
and it inreases to 25 % at 90 kOe. For J // [100℄ and H
// [001℄ there is a hange in slope at 24 kOe (shown by
an arrow) above whih the magnetoresistane inreases
monotonially to 190 % at 90 kOe. With inrease in the
temperature the magnetoresistane dereases and shows
a negative urvature indiating the onset of eld indued
ferromagneti behavior. The heat apaity of Dy2CoGa8
is shown in Fig 8(a). A lambda type anomaly indiates
the magneti transition. Appliation of a magneti eld
of 50 kOe results in two humps. The eet is similar
to that observed in Tb2CoGa8. The 4f ontribution to
the heat apaity of Dy2CoGa8 and the Shottky urve
alulated as explained above are shown in Fig. 8(b).
In the paramagneti regime, CSch and C4f are in fair
qualitative agreement with eah other. S4f and SSch are
seen to approah the theoretially expeted value at high
temperatures. It may be mentioned here that Dy is a
Kramer's ion, and the CEF levels in the tetragonal point
symmetry will split into 8 doublets(author?) [1℄. But
the alulated CSch and SSch do not take into aount
the ontribution (Rln2) from the doublet ground state.
Therefore, we have shifted up our plot of SSch up by
Rln2.
Ho2CoGa8 orders antiferromagnetially at 6 K with
easy axis of magnetization along the [001℄ dire-
7tion(author?) [1℄. The resistivity of the ompound is
shown in Fig. 9(a) with the magnied low temperature
part as an inset. The resistivity shows a drop at the
ordering temperature of the ompound with urrent par-
allel to [100℄ and [001℄ diretions. The overall eletrial
resistivity with J // [100℄ is similar to that observed by
Adriano et al.(author?) [17℄. Similar to the other mem-
bers of the series, the resistivity with urrent parallel to
[100℄ is higher than with the urrent parallel to [001℄.
Below 100 K CEF eets manifest in a relatively faster
derease of the resistivity with temperature along both
the diretions. The magnetoresistane of the ompound
is shown in Fig. 9(b) with the indiated diretion of ur-
rent and eld. The magnetoresistane with J // [100℄
and H // [001℄ inreases with eld up to ≈ 102 % at
90 kOe while the orresponding variation with J // [001℄
and H // [100℄ is ≈ 40 %. The high magnetoresistane
with H // [001℄ is in agreement with the easy axis of mag-
netization [001℄ of the ompound. The heat apaity of
Ho2CoGa8 plotted in Fig. 10(a) shows a sharp lambda
type anomaly at the magneti ordering temperature of
the ompound. The peak shifts to lower temperatures in
an applied eld of 30 kOe as antiipated for an antiferro-
magnetially ordered ompound. On further inreasing
the eld to 100 kOe the peak disappears ompletely and
the heat apaity shows a large hump entered at 8 K.
Both these eets most likely arise from the metamag-
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Figure 8: (a) Heat apa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tribution to the heat apaity of Tb2CoGa8with Shottky 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estimated from CEF split energy levels. The entropy esti-
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Figure 9: (a) Resistivity of Ho2CoGa8 with 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[100℄ and [001℄, respetively with inset showing the magnied
low temperature part. (b) Magnetoresistane at 2 K with
urrent and eld parallel to the indiated diretions.
neti transition in the ompound. The 4f ontribution to
the heat apaity of Ho2CoGa8 and the Shottky urve
is shown in Fig. 10(b). The Shottky urve shows a peak
and hump in fair agreement with the experimental urve.
The estimated entropies from the 4f ontribution to the
heat apaity and the Shottky energy levels are almost
equal to the theoretially expeted value of Rln17.
D. Er2CoGa8 and Tm2CoGa8
In ase of Er2CoGa8 and Tm2CoGa8 the easy axis of
magnetization is along the ab -plane, unlike the other
ompounds desribed above where the easy axis of mag-
netization was along the [001℄ diretion. These two om-
pounds order antiferromagnetially at 3 K and 2 K, re-
spetively(author?) [1℄. The resistivity of both the om-
pounds is shown in Fig. 11. For Er2CoGa8 (Fig. 11(a))
the resistivity dereases linearly from room temperature
as expeted for a metalli ompound down to 100 K. Be-
low 100 K the faster drop is attributed to rystal eld
eets. The inset shows the low temperature part of the
resistivity. When J // [100℄ the resistivity inreases be-
low ≈ 6 K followed by the downward drop for T < TN
and with J // [001℄ the resistivity falls below ≈ 6 K. The
upturn in the resistivity with J // [100℄ below 6 K an
our due to the presene of short range antiferromag-
neti orrelations along the abplane whih inidentally is
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Figure 10: (a)Heat Capaity of Ho2CoGa8 in applied elds of
0, 30 and 100 kOe. (a)The 4f ontribution to the heat apaity
of Ho2CoGa8 and the Shottky heat apaity urve estimated
from CEF split energy levels. The entropies estimated from
the 4f ontribution and CEF split levels are shown in the inset.
the easy axis of magnetization. The drop in the resistiv-
ity at TN (3 K) is due to disappearane of spin disorder
resistivity. The eletrial resistivity for J // [001℄ dire-
tion shows a drop exatly at the same temperature (6 K)
where there was an inrease in the resistivity along the
other diretion. Although the exat reason for this be-
havior is not known at present, we tentatively attribute
it to the short range orrelations of the moments along
the easy axis. These relatively opposite variations in the
thermal variation of the resistivity indiate that the on-
gurations of the moments when resolved along dier-
ent diretions an be dierent. Compared to relatively
simple ferromagnets, magneti moments in antiferromag-
neti ompounds an have very ompliated alignments
desribed by a number of wave vetors, phase angles,
et. In ase of Tm2CoGa8 the high temperature resistiv-
ity has the behavior similar to that of Er2CoGa8 and at
low temperatures the resistivity falls at the Neel temper-
ature (2 K) of the ompound. The magnetoresistane at
2 K for Er2CoGa8 and Tm2CoGa8 is shown in Fig. 12.
The magnetoresistane for Er2CoGa8 with H // [100℄
and [001℄ respetively are lose to eah other up to 30
kOe. At higher elds the magnetoresistane with H //
[100℄ is marginally higher and attains a maximum value
of ≈ 23 % at 90 kOe. The result is onsistent with lesser
anisotropi magneti behavior seen in the magnetization
data; also the MR is measured lose to the ordering tem-
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Figure 11: (a)Resistivity of Er2CoGa8 with urrent parallel to
[100℄ and [001℄ diretions respetively; the inset shows the low
temperature part, (b)Resistivity of Tm2CoGa8 with urrent
parallel to [100℄ and [001℄ diretions.
perature of the ompound. In ase of Tm2CoGa8 the
magnetoresistane with J // [001℄ and H // [100℄ is higher
than that with J // [100℄ and H // [001℄ below 30 kOe
but at higher elds the latter dominates up to the high-
est applied eld. The magnetoresistivity at 90 kOe with
H // [001℄ is 70 % and 50 % for H // [100℄. The initial
high value of magnetoresistane for J // [001℄ and H //
[100℄ an be understood by the fat that [100℄ is the easy
axis of magnetization for the ompound. Above ≈ 30
kOe the magnetoresistane tends to saturate with eld
along [100℄ diretion indiating the development of the
ferromagneti omponent (-ve omponent). With eld
along the hard diretion [001℄ the development of fer-
romagneti omponent will be ahieved at higher elds
and beause of this the magnetoresistane inreases lead-
ing to the observed rossover. The heat apaity of both
the ompounds is shown in Fig. 13. Er2CoGa8 shows an
anomaly at the ordering temperature (3 K) while the up
turn below 3 K is preursor to the magneti transition at
2 K in Tm2CoGa8. Sine the heat apaity is still large
at the lowest temperature data point in Er2CoGa8 and it
is neessary to have the heat apaity data to lower tem-
peratures in both the Er and Tm ompounds, it is not
possible to alulate S4f in these two ompounds. The 4f
ontribution to the heat apaity of Tm2CoGa8 and the
Shottky urve is shown in Fig. 14. The Shottky urve
shows a low temperature rise and hump in fair agree-
ment with the experimental urve. A similar analysis for
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Figure 12: Magnetoresistane of Er2CoGa8 and Tm2CoGa8
at 2 K with urrent and eld parallel to the indiated dire-
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Figure 13: Heat apaity of Er2CoGa8 and Tm2CoGa8
Er2CoGa8 is not shown beause the CSch alulated from
the CEF energy levels as dedued from the magnetiza-
tion data [1℄ did not math well with 4f ontribution to
the heat apaity.
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Figure 14: The 4f ontribution to the heat 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ity and the
Shottky heat 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ity of Tm2CoGa8.
E. Conlusion
To onlude, we have studied the anisotropi eletri-
al resistivity, magnetoresistane and heat apaity of
R2CoGa8 single rystals. Heat apaity data provide evi-
dene of bulk magneti transitions with ordering temper-
atures mathing with our earlier magnetization studies.
The eet of external magneti eld on the heat apaity
of these ompounds is in onformity with their antiferro-
magneti nature. The Shottky heat apaity alulated
from the CEF energy levels derived from the magnetiza-
tion data ompares well with 4f ontribution to the heat
apaity in the paramagneti regime for R = Tb, Dy, Ho
and to a lesser extent in Tm2CoGa8, thus strengthening
the validity of the CEF level sheme obtained in ref. [1℄
for these ompounds. The eletrial resistivity shows a
signiant anisotropy, the resistivity along the ab plane
being higher ompared to its magnitude along the  -axis.
This anisotropi transport behavior indiates a dominant
eletron motion along the  -axis and may arise due to
the strutural anisotropy of the ompound. Anomalous
upturn in the eletrial resistivity of some ompounds
as TN is approahed from the paramagneti side is at-
tributed to short range antiferromagneti orrelations. A
hump in the non-magneti Y2CoGa8 and Dy2CoGa8 near
29 K is tentatively attributed to CDW ordering, whih
needs to be probed further for onrmation. The highly
anisotropi magnetoresistane data reet the eet of
metamagneti transition in these ompounds.
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